Introduction {#Sec1}
============

The period between ca. 1,450 and 950 BCE -- much of the Late Bronze Age and the early Iron Age -- was one of the most dramatic in the history of the Eastern Mediterranean basin^[@CR1]^. During the Late Bronze Age the great Egyptian and Hittite empires ruled over extensive regions of the Near East and northeastern Africa, Mycenaean palatial societies flourished in what is currently Greece and the shores of western Turkey, and Cyprus functioned as a regional supplier of copper. This was a period of pronounced "globalization", characterized by strong trade relations that created a cultural *koine*, perhaps best represented by the cargo of the Uluburun shipwreck \[on the southern coast of Turkey^[@CR2]^\]. This period of great prosperity ended in a major collapse process known as the "Crisis Years" (refs [@CR1] and [@CR3]; for possible relation to climate change see refs [@CR4] and [@CR5]). The breakdown of the old order was accompanied by movements of groups, sometimes called the Sea Peoples (among them the Philistines), from various parts of the Mediterranean to the Levant (e.g., ref. [@CR6]). These momentous processes shaped the history of the Old World, opening the way to the emergence of new regional kingdoms, among them biblical Israel and Judah.

In the Late Bronze Age, various commodities were shipped along Eastern Mediterranean coasts, including copper ingots from Cyprus, prestige ceramic vessels from the Mycenaean world and Cyprus, and resin from the coast of the Levant (e.g., ref. [@CR2]). Most of these items are conspicuous to archaeologists. However, because of the difficulty of detecting migrating animals by traditional research methods, animals and the products processed from their meat have not been sufficiently taken into consideration as have other kinds of mobile goods.

DNA analysis is a powerful tool for studying how humans enabled mobility of animals in antiquity (e.g., refs [@CR7] and [@CR8]). Meiri *et al*.^[@CR9]^ have recently shown that pigs from the Bronze and early Iron Ages in Israel shared haplotypes with modern and ancient Near Eastern pigs, and that European haplotypes appeared in archaeologically-derived pig bones ca. 900 BCE, suggesting a late second millennium date for their first introduction into the region. This raises the possibility that pigs were brought to the region by groups of Sea Peoples, who migrated to the Levant in the Iron I (ca. 1150--950 BCE)^[@CR6]^. These findings raise questions regarding cultural traditions of migrating groups, decision making of the migrants before boarding the ships and knowledge of the target lands. And they raise broader queries: Were animals routinely transported in the context of the Eastern Mediterranean *koine* of the Late Bronze Age and the collapse which spelled its end? Were other animals brought to the Levant? From where? What can be learned from movement of animals about the mobility of people at that time, and what can be learned about their socio-economic considerations? In the current study we shed light on these issues by presenting new data on ancient pig and cattle DNA in the Eastern Mediterranean basin.

Domestic cattle are abundant at archaeological sites. They are classified as *Bos taurus taurus*, also known as taurine cattle or humpless, and *Bos taurus indicus*, also known as zebu or humped cattle (here they are referred to as taurine and zebu respectively)^[@CR10]^. Mitochondrial DNA (mtDNA) of domestic cattle shows a phylogeographic structure, which is valuable in tracing human movements (e.g., refs [@CR8], [@CR11] and [@CR12]). As humans expanded from the Fertile Crescent throughout most of Eurasia, taurine cattle spread with them. They reached the Aegean with the early farmers in the seventh millennium BCE^[@CR13]^. Zebu cattle are native to the Indian subcontinent; from there they spread to Iran and Iraq ca. 3,000 BCE^[@CR14],\ [@CR15]^. Both sub-species are evident today in Africa. When and how they were brought there is a matter of debate. Some contend that taurine cattle arrived in Africa ca. 7,000--5,000 BCE (e.g., refs [@CR16] and [@CR17]). The earliest evidence of zebu in Africa comes from a ca. 2,000 year old site in southwestern Kenya^[@CR17]^. Genetic studies based on extend samples support the view that introgression of male zebu with female taurine took place once the zebu reached Africa (e.g., refs [@CR18]--[@CR20]). The degree of this introgression is related to movement of humans, and thus makes it another strong marker for studying translocation of cattle^[@CR18]--[@CR20]^.

The hybridization of zebu and taurine cattle however is not limited to Africa. Palestinian cattle of the beginning of the 20th century were a small, low producing breed. Later, with increasing modernization, different breeds were imported from other parts of the Middle East and from Europe^[@CR21]^. Interestingly, this local breed is thought to possess a genetic component of zebu^[@CR21],\ [@CR22]^. The time, location and nature of this zebu-taurine introgression remain unknown. Zebu appear intermittently in the iconographic records of second millennium BCE Egypt and the southern Levant (ref. [@CR15] and references therein) and are reported in contemporary archaeozoological assemblages^[@CR23]^. However, morphological distinction between zebu and taurine cattle is difficult; the only clear indication is the forked dorsal spine of the thoracic vertebrae, which appears in some zebu individuals^[@CR24]^.

Research Design {#Sec2}
===============

In order to investigate the transfer of animals in the Eastern Mediterranean in the Bronze and early Iron Ages, we took two steps:We broadened our previous study^[@CR9]^ both chronologically and spatially by extending our pig-database for the Levant and added pig DNA data for two sites in Greece (Fig. [1](#Fig1){ref-type="fig"}).Figure 1Map showing the archaeological sites which provided pig and cattle samples for this study (black circles), and published ancient data for pigs (grey triangles), and cattle (grey squares). The map was created using the ArcGIS for Desktop (ArcMap 10), ESRI. For additional data see Supplementary Tables [S1](#MOESM1){ref-type="media"} and [S3](#MOESM1){ref-type="media"}.We sampled cattle from four sites in Greece and Israel, providing the first pig ancient mtDNA for samples from Greece and the first cattle ancient mtDNA and Y chromosome nuclear DNA from Greece and Israel.

We used short fragments of the mitochondrial control region (CR) to define the haplotypes of ancient pigs and cattle^[@CR11],\ [@CR25]--[@CR29]^. We also examined single-nucleotide polymorphism (SNPs) cattle Y chromosome^[@CR30]^ in order to test possible introgression between taurine and zebu cattle. To complement the genetic data, we applied morphometric measurements of cattle metacarpals, as metapodia are the most distinctive bones for distinguishing breeds in ungulates^[@CR31]^. We compared our measurements of cattle metacarpals from Late Bronze and Iron Age sites in Greece and Israel to Grigson's dataset^[@CR32]^ in order to test morphological variability possibly related to sub-genus population differences.

Results {#Sec3}
=======

Pigs {#Sec4}
----

We successfully extracted and sequenced DNA from 16 out of 52 ancient domestic pig specimens sampled: 15 from Bronze Age Greece and one from Iron Age Israel (Supplementary Table [S1](#MOESM1){ref-type="media"}). We found four haplotypes in Bronze Age Greece: Y1, Y2 and two European haplotypes (ANC-Aside and ANC-Cside; Supplementary Table [S1](#MOESM1){ref-type="media"}) (haplotype names are based on terminology of fragment ANC1^[@CR25]--[@CR28]^). Three of these haplotypes found in Greek pigs (the two Europeans and Y1) are shared with Israel (Fig. [2a](#Fig2){ref-type="fig"}). Haplotypes Y1 and Y2 were commonly considered to be Near Eastern, although recently doubts have been raised regarding the origin of Y2^[@CR33]--[@CR35]^; more below). The frequency between the different haplotypes in Greece does not change much between the Early and Late Helladic periods (ca. 3500--1150 BCE, corresponding to the Bronze Age in the Levant) (Fig. [3b and c](#Fig3){ref-type="fig"}). The new sample from Israel, dating to the early Iron IIA, carries the European ANC-Cside haplotype. This result conforms to our previous data, which indicate appearance of the European signature of domestic pigs in the southern Levant in the Iron Age, starting ca. 900 BCE, and thus transport of European pigs to the Levant (Fig. [3](#Fig3){ref-type="fig"} and ref. [@CR9]).Figure 2Three-dimensional statistical parsimony network for mtDNA CR of: (**a**) Pigs based on a 76 bp fragment and 36 specimens sequenced in this study. (**b**) Cattle based on a 151 bp fragment and 23 specimens sequenced in this study. Layers represent the haplotypes in three different time periods (Early-Middle Bronze Age, Late Bronze and Iron Age; bottom to top respectively). Each circle represents one haplotype. The colour corresponds to the different haplogroups. Small black dots represent missing haplotypes. The size of the circle is proportional to haplotype frequency. Vertical lines link haplotypes found in both time periods. The networks were created using TempNet^[@CR67]^ script in R^[@CR68]^. Figure 3Pig mtDNA haplotype frequency comparison in the Eastern Mediterranean by period. Haplotype names are after Larson *et al*.^[@CR25]^. The maps were created using the ArcGIS for Desktop (ArcMap 10), ESRI. For additional data see Supplementary Tables [S1](#MOESM1){ref-type="media"} and [S3](#MOESM1){ref-type="media"}.

Haplotype Arm1T has been recorded by us only in Israel (between the Middle Bronze and the Byzantine periods^[@CR9]^). It is known in Anatolia starting in Neolithic times (Fig. [3a](#Fig3){ref-type="fig"} and ref. [@CR28]), but was not found in Greece or Western Europe. This implies that haplotype Arm1T can be considered as local Near Eastern/Anatolian, meaning that it did not reach Europe with early Near Eastern farmers^[@CR25],\ [@CR33]--[@CR35]^.

Cattle {#Sec5}
------

We successfully extracted and sequenced DNA from 25 of the 136 ancient cattle specimens sampled. Ten samples are from Megiddo and Azekah in Israel and 15 are from Asine and Tiryns in Greece. These are the first ancient DNA cattle sequences from Israel and Greece (Supplementary Table [S1](#MOESM1){ref-type="media"}).

Today taurine cattle have five main haplogroups: T, T1, T2, T3 and T4^[@CR11],\ [@CR29]^; T--T3 are found in the Near East. Haplogroup T3 predominates in local European cattle breeds, while T2 can be detected in the Balkans, Italy and sporadically in western Asia. Haplogroup T1 is dominant today in African cattle breeds, and T4 in the East Asian breeds (e.g., refs [@CR11], [@CR12], [@CR29], [@CR36] and [@CR37]).

For the Bronze Age, the 15 ancient DNA sequences from Greece reveal two haplogroups -- T and T3 -- with similar frequencies in the Early and Late Bronze Ages (Fig. [4b and c](#Fig4){ref-type="fig"}), while in the five samples from Israel four haplogroups are found (T, T1, T2, T3; Fig. [4c](#Fig4){ref-type="fig"}). We have no samples from Greece for the Iron Age; in Israel, only haplogroup T1 is found in the five samples that yielded DNA (Fig. [4d](#Fig4){ref-type="fig"}).Figure 4Cattle mtDNA haplotype frequency comparison in the Eastern Mediterranean by period. Haplotype names are after Troy *et al*.^[@CR11]^. The maps were created using the ArcGIS for Desktop (ArcMap 10), ESRI. For additional data see Supplementary Tables [S1](#MOESM1){ref-type="media"} and [S3](#MOESM1){ref-type="media"}.

Although haplogroups T and T3 are present during the Late Bronze Age in both Greece and Israel, the ones from Israel carry a further mutation, meaning that the two regions do not share any haplotype (Fig. [2b](#Fig2){ref-type="fig"}). In addition, two samples from Iron Age Israel, with haplogroup T1, carry a mutation at 16,122 base pair position of the mtDNA genome, and are therefore classified as haplotype T1c-- a sub-group abundant in modern-day Egypt^[@CR37],\ [@CR38]^.

We tested all cattle samples that yielded DNA with three pairs of primers designed to amplify SNPs in the Y-chromosome. In two samples we succeeded to amplify two of the three: one from Early Helladic Asine in Greece (MM506) (3100--2000 BCE) and the other from late Iron IIA Megiddo in Israel (MM422) (ca. 900 BCE) (for the BLAST scores, see Supplementary Table [S5](#MOESM1){ref-type="media"}). The sample from Asine was identified as taurine cattle (*Bos taurus taurus*), while the one from Megiddo was found to be zebu (*Bos taurus indicus*), meaning that the Greek bull was sired by a taurine, while the Israeli one was sired by a bull with zebu paternal ancestry.

Complete or nearly complete cattle metacarpal bones are rare finds in second millennium BCE archaeological sites in Greece and Israel, with small sample sizes hindering the use of sophisticated shape-analysis statistics such as Geometric Morphometrics (GMM) and Linear Discriminant function Analysis (LDA)^[@CR39]^. A more traditional metric analysis was conducted on twenty-eight Late Bronze and Iron Age cattle metacarpals from Greece and Israel, which were measured and compared to Grigson's dataset (ref. [@CR32] unknown contexts; Supplementary Table [S4](#MOESM1){ref-type="media"}). The log-transform of the two measurements Great Length (GL) and distal Breadth (Bd) were plotted against each other (Fig. [5](#Fig5){ref-type="fig"}).Figure 5Cattle metacarpus measurements; Greatest Length \[log(GL)\] against distal Breadth \[log(Bd)\] (both in mm). Archaeological cattle from India, Africa and the Near East, Late Bronze Age cattle from Greece, and Late Bronze and Iron Ages cattle from Israel (Supplementary Table [S4](#MOESM1){ref-type="media"}). Convex hulls are the smallest convex polygons containing all points of a respective group.

Zeboid cattle from India and Africa are very similar in terms of metacarpus proportions, and both are easily distinguishable from Late Bronze Age cattle from Greece (Fig. [5](#Fig5){ref-type="fig"}). Middle Eastern archaeological cattle are more variable in terms of metacarpus length from both groups (India and Africa vs. Greece), and occupy an intermediate position between them, perhaps suggesting its position as a zone of hybridization. Note that one specimen from Iron Age IIA Tel Rehov in Israel (Fig. [5](#Fig5){ref-type="fig"}) classifies with the Late Bronze cattle from Greece, may indicate a rare appearance of European cattle in Israel. Assignment of specimens to known groups was successful in 67% of the cases (Discriminant Analysis, PAST 3.14^[@CR40]^).

Due to the rarity of assemblages dated to this period and the high level of bone fragmentation which renders GL measurement either impossible^[@CR41]^ or difficult to come by, we unfortunately could not obtain measurements of earlier cattle metacarpi from the third millennium BCE. Therefore, the morphometric data lack the crucial benchmark of pre-introgression domesticated cattle metapodial shape. Still, the fact that only one (5%) out of 19 specimens from Bronze and Iron Age Israel occupies the European part of the morphospace may suggest that introgression of European cattle morphotypes -- if it indeed occurred -- was negligible.

Discussion {#Sec6}
==========

We observe different population histories for pigs and cattle during the Bronze and Iron Ages in the southern Levant. Incorporating archaeological and historical data, we suggest two types of translocations to the southern Levant, which are distinct by place of origin of the animals (Aegean region vs. Egypt), and the route taken (sea vs. land).

Pigs {#Sec7}
----

We have observed the transfer of pigs between Greece and Anatolia at least as early as the third millennium BCE by detecting the Near Eastern haplotype Y1 in Greece in the Early Helladic period (3100--2000 BCE, continuing into the Late Helladic period; Fig. [3](#Fig3){ref-type="fig"}). We are aware that Y1 may have been local to Greece much earlier than the third millennium BCE and may represent descendants of pigs brought from the Near East during the Neolithic period^[@CR25],\ [@CR34]^. Regrettably, we do not as yet have earlier samples from Greece to verify this issue. Still, we would argue that what we see is the result of connections between Greece and Anatolia (and regions further to the southeast), as archaeological evidence indicates exchange of goods between the two regions as early as the Early Bronze Age^[@CR42],\ [@CR43]^.

A recent genetic study of modern pig and wild boar samples shows that the local signature of mainland Greece is composed of specific European haplotypes, which are not found elsewhere in Europe, thus probably representing a relic-population from the Last Glacial Maximum^[@CR44]^. These results, as well as the presence of haplotype Y1 in Sardinia and Sicily in the Late Bronze Age^[@CR45]^, emphasize the extent of exchange across the Mediterranean during the Bronze Age.

Haplotype Y2 is considered to have a Near Eastern origin^[@CR27],\ [@CR28]^. However, the existence of pig haplotype Y2 in our Greek samples during the Early Helladic II (one radiocarbon determination -- 2875--2581 cal BCE) (Fig. [3](#Fig3){ref-type="fig"}) together with the findings of Mesolithic wild boar remains in Romania and northeast Italy^[@CR33],\ [@CR35]^ challenge this conventional wisdom. The absence of haplotype Y2 from Anatolia in the Neolithic (despite a large sample size, n = 38^[@CR28]^) on one hand, and its presence in Romania during this period on the other^[@CR33]^ suggest a west-to-east translocation, from Greece to Anatolia no later than the Early Bronze Age.

Displacement of pigs from Greece to the southern Levant should probably be understood against the background of movement of groups of Sea Peoples to the east. This translocation is attested in ancient DNA samples dating to the early phases of the Iron Age (no later than ca. 900 BCE^[@CR9]^). The ca. 200--250 year gap between the first arrival of Sea Peoples on the southern coast of the Levant and the first evidence of European pig mtDNA can be explained by the small sampling size, especially taking into account that no pig samples from Philistine sites have thus far yielded DNA^[@CR9]^.

Pigs are favoured livestock for marine transportation, as they are relatively small and have an omnivorous diet \[e.g., refs [@CR46] and [@CR47]; it is unlikely that they were brought from Europe by land -- they are poor candidates for long-distance herding and almost impossible to drive (e.g., ref. [@CR48])\]. Indeed, their translocation goes together with immigration by boat^[@CR26],\ [@CR49]^: they reproduce rapidly and thus make it easier to quickly establish herds and produce much meat^[@CR50]^. A good example is provided by Anglo-Saxon sites in Britain, which show a large percentage of pig remains at the beginning of the settlement process (early 5th century CE). Once the community was established, cattle and sheep consumption increased at the expense of pigs^[@CR51]^. It seems therefore that at least some groups of Sea Peoples came to the southern Levant aiming to establish settlements^[@CR50]^.

Cattle {#Sec8}
------

To differ from the case of the pigs, our genetic data does not indicate movement of cattle between the Aegean region and the southern Levant (no shared haplotypes during the Bronze and Iron Ages; Fig. [2](#Fig2){ref-type="fig"}).

The genetic results show an increased frequency of taurine cattle haplogroup T1 (which is dominant in Africa) in Israel in the transition from the Late Bronze to the Iron Age, as well as the appearance of haplotype T1c, which is dominant today in Egypt (refs [@CR37] and [@CR38] and Fig. [4](#Fig4){ref-type="fig"}). Since the data for cattle in the Levant is scarce and as there are no samples to represent ancient Egypt, it is impossible to determine the origin of haplotype T1c. Yet, based on archaeological and historical data we suggest that taurine cattle were translocated from Egypt to the southern Levant.

The morphological measurements indicate that Israeli cattle breeds are located between taurine and zebu cattle, which could be the result of interbreeding between the two sub-species (Fig. [5](#Fig5){ref-type="fig"}). This observation is supported by the fact that, today, native Near Eastern cattle breeds possess some levels of zebu signature in their nuclear autosomal DNA (e.g., refs [@CR19], [@CR20], [@CR52] and [@CR53]). So far we do not have data from pre-second millennium Levantine domestic cattle to check this issue further.

Stronger evidence for the appearance of zebu in the southern Levant is found in our genetic data. The Y-chromosome of one sample from Megiddo (MM422) was identified as zebu. This sample, which comes from a late Iron IIA (9th century BCE) context, carries the taurine mtDNA haplotype T1c, providing the earliest evidence for hybridization between taurine cattle and zebu in the Levant.

It seems that farmers in antiquity were aware of the advantages of crossbreeding taurine cattle with zebu. Especially noteworthy is the better heat tolerance of the zebu (due to low metabolic rates, many large sweat glands and large skin surface), as well as better resistance to insects, ticks and protozoa^[@CR16]^. It is not surprising, then, that today's zebu and their crossbreeds dominate in relatively arid regions such as the Indian subcontinent and most of Africa^[@CR16]^.

Due to poor state of preservation, only two of our samples yielded Y- chromosome DNA. It is therefore impossible to say with certainty at this point whether taurine-zebu crossbreeding occurred in the southern Levant, or if crossbreeds were brought to Canaan from Egypt. For historical reasons we prefer the former option as detailed below.

During much of the Late Bronze Age, ca. 1450--1130 BCE, the southern Levant was under Pharaonic imperial domination, with Egyptian garrisons and bureaucrats stationed in several key-locations, such as Gaza, Jaffa and Beth-Shean near Megiddo^[@CR54]^. Excavations at the latter two sites revealed evidence of monumental Egyptian construction, and from the Amarna tablets we learn that Egyptian administrators operated in different parts of the region^[@CR55]^. Egyptian imports -- ceramics, stone vessels, seals etc. -- are indicated in all major centres in Canaan^[@CR56]^ and Egyptian impact on the economy of Canaan is attested, for example, in the Amarna letters and in hieratic inscriptions from southern Israel (refs [@CR55] and [@CR57] respectively).

The above-reported results can be understood against this background, bearing in mind that the interest of the Egyptian colonial administration was to enhance and exploit the agricultural output in Canaan, and that an important function of cattle was ploughing. Indeed, archaeozoological investigation of the faunal assemblages from Late Bronze Megiddo demonstrates continuous increase in cattle frequencies during the period of Egyptian rule in Canaan^[@CR58]^, cattle were kept to older age -- an indication of their use as plough animals^[@CR59]^. Improvement of cattle by crossbreeding between the taurine cattle and the resilient zebu must have been highly advantageous, as it could facilitate the expansion of agriculture, especially dry-farming. This was especially true in view of the evidence of severe droughts at the end of the Late Bronze Age (ca. 1,250--1,100 BCE)^[@CR5]^.

The complex and dynamic translocations of biological organisms from the Aegean region and Egypt into the Levant during the Bronze and Iron Ages were not restricted to livestock. Frumin *et al*.^[@CR60]^ present the case for the introduction into the Levant in the Iron Age of new flora, such as cultivated sycamore and opium poppy from Egypt and Aegean region respectively. The sycamore is an east African species that was domesticated in Egypt. The spreading of poppy, the source of opium, is likely to be the result of trade between Greece and other parts of the Eastern Mediterranean. The earliest example for poppy in southern Greece comes from Tiryns of the Late Helladic IIIB2, in the second half of the 13th century BCE^[@CR61]^.

Conclusion {#Sec9}
==========

The results of this study suggest that human mobility through trade and migration in the Bronze and Iron Ages influenced the composition of livestock in both the southern Levant and Greece. The data presented here shows that each species narrates its own history, depending on its natural characteristics and economic value.

Pigs were translocated between the Aegean region, Anatolia and the southern Levant during the Bronze and Iron Ages. To differ, there is no evidence for movement of cattle across the Mediterranean at that time.

The evidence for crossbreeding between taurine and zebu cattle, together with archaeological and historical data for the involvement of imperial Egypt in the Levant in the Late Bronze Age, seem to shed light on the environmental and economic situation in the region. When evaluated with evidence for increase in cattle frequencies and indications that cattle were kept to older age, the new ancient DNA data seems to reflect attempts by the Egyptian administration to expand dry-farming in the "green" zones of the region in a period of severe droughts -- in the later phase of the Late Bronze Age.

Materials and Methods {#Sec10}
=====================

Sample collections for DNA analyses {#Sec11}
-----------------------------------

*Bos* and *Sus* samples were collected from four archaeological sites: Megiddo and Azekah in Israel, and Tiryns and Asine in Greece (Fig. [1](#Fig1){ref-type="fig"} and Supplementary Table [S1](#MOESM1){ref-type="media"}).

[Megiddo]{.ul} in northern Israel is a focal site for the study of the Bronze and early Iron Ages in the Levant. The excavations manifest good control over stratigraphy, pottery assemblages (providing relative chronology) and radiocarbon dating^[@CR62]^. Samples of pigs and cattle were taken from Early Bronze, Late Bronze and Iron I--II layers.

[Tiryns]{.ul} in the northeastern Peloponnese, Greece, is one of the most important sites for the study of the Late Helladic (Late Bronze Age) period in the Aegean Basin. Samples were taken from contexts dating to the late palatial period (Late Helladic IIIB) and the post-palatial period (Late Helladic IIIC) (13th and 12th centuries BCE) from the Lower Citadel and the northeastern Lower Town.

[Azekah]{.ul}, a multi-period mound in the Judean lowland in Israel; samples were taken from Late Bronze layers.

[Asine]{.ul} in the northeastern Peloponnese, Greece; samples represent the Early Helladic period (third millennium BCE).

For the current study we sampled in total 52 and 136 ancient pig and cattle bones and teeth respectively, spanning the Bronze and Iron Ages (ca. 3500 BCE to 586 BCE) (Supplementary Table [S1](#MOESM1){ref-type="media"}). The samples are of domestic pigs and cattle as evident from morphometric and osteological data. All samples derive from secure stratigraphic contexts, in many cases with multiple radiocarbon-dates (e.g., refs [@CR62] and [@CR63]). Additionally, five pig and five cattle specimens from Asine in Greece were radiocarbon dated \[Supplementary Table [S1](#MOESM1){ref-type="media"}; ref. [@CR64]\].

DNA extraction and amplification {#Sec12}
--------------------------------

DNA extractions and preparations for PCR reactions of the samples were carried out in a dedicated ancient DNA lab, at the Institute of Archaeology of Tel Aviv University, Israel. The lab is located in a building where no molecular work has taken place.

DNA from both pig and cattle bones and teeth was extracted according to a method modified from Yang *et al*.^[@CR65]^. Specifically, 1 ml of extraction buffer \[0.44 M EDTA (pH = 8) (AMRESCO, USA), 0.1 M urea, and 20 mg/ml proteinase K (AMRESCO, USA)\] was added to about 50 mg of bone powder and incubated overnight at 56 °C. After decalcification and digestion, the supernatant was concentrated to about 100 μl using Vivaspin filter 3000 MWCO (Sartorius Stedim Biotech), and then directly purified using silica based spin columns (Minelute PCR Purification kit, QIAGEN, Inc).

Short fragments of the mtDNA CR were amplified. For the pig samples, following Larson *et al*.^[@CR25]^, a short fragment of mtDNA CR was amplified with ANC1F (5′-CTTTAAAACAAAAAAACCCATAAAAA-3′), and ANC1R (5′-TTAATGCACGACGTACATAGG-3′). This 74 bp fragment is highly variable and can distinguish between European, Near Eastern and East Asian pig haplotypes.

For the cattle, depending on the preservation state of the samples, different primer pairs were used to amplify the highly variable region of the mtDNA CR between bases 16,022 and 16,262^[@CR66]^ (Supplementary Table [S2a](#MOESM1){ref-type="media"}). In cases of poor preservation, new primers were designed to specifically target the nucleotide positions that define the major four haplotypes. In addition, to test for hybridization between *Bos taurus taurus* and *Bos taurus indicus*, three primer pairs were designed to amplify SNPs in three Y-chromosomal genes: DBY1, DBY7, ZFY4 \[following^[@CR30]^; Supplementary Table [S2b](#MOESM1){ref-type="media"}\].

PCRs and post-PCR work were performed at the Zoology Department of Tel Aviv University, Israel. PCR amplifications were performed in 25 ul reactions with: 1x PCR buffer, 1.5 U of Platinum Taq DNA polymerase High Fidelity, 2 mM MgSO~4~, 0.2 mM of each dNTP (all Invitrogen, UK) 0.1 mg/ml Bovine Serum Albumin (New England, BioLabs, UK)/Rabitt Serum Albumin (Sigma-Aldrich Inc.) for the pigs and the cattle respectively, 0.4 µM of each primer (Sigma-Aldrich Inc.) and 2--4 ul of extract. The PCR amplification consisted of an initial denaturing at 94 °C for four minutes, followed by 55 cycles of denaturing at 94 °C for 30 sec, annealing at 47--58 °C (depending on the primer pair) for 30 sec, and extension at 68 °C for 40 sec with a final extension period of 5 minutes at 68 °C.

The amplicons were cleaned from unincorporated primers using Exonuclease I, and Shrimp Alkaline Phosphatase (Thermo Fisher Scientific, UK). The samples were sequenced and analyzed in ABI 3100 Genetic Analyzer or Beckman-Coulter CEQT 8000 Genetic Analysis System. Sequencing was conducted on both strands.

Authenticity criteria for the ancient DNA data {#Sec13}
----------------------------------------------

Negative controls were used during DNA extractions (every fifth sample) and in all PCR reactions. All reagents used were molecular biology grade, and when possible, were decontaminated using UV irradiation. All working areas and equipment were decontaminated using bleach, and/or UV irradiation.

All ancient samples were re-extracted and between one to two fragments were amplified. Only samples that were consistent with the results of repeated extractions and amplifications were included in the analyses.

DNA sequences have been deposited in GenBank (http://www.ncbi.nlm.nih.gov/) with accession numbers: KY765626-KY765670. 

Phylogenetic analyses {#Sec14}
---------------------

### Pigs {#Sec15}

The ancient DNA sequence data were aligned manually with modern wild boar and ancient pig sequences available on GenBank. Specifically, to compare haplotype frequency in the Eastern Mediterranean by period, ancient DNA sequences mainly from East Mediterranean and Near East were added to the data obtained in this work (Fig. [3](#Fig3){ref-type="fig"} and Supplementary Table [S3](#MOESM1){ref-type="media"}). Haplotype name for each specimen was based on ANC1 terminology^[@CR25]--[@CR28]^.

Thirty-six ancient samples from Greece and Israel were used to construct a 3D statistical parsimony network using the script TempNet^[@CR67]^ in R^[@CR68]^ (Supplementary Fig. [S1](#MOESM1){ref-type="media"} and Table [S1](#MOESM1){ref-type="media"}). Gaps were assigned as a fifth character. Using the Bayesian phylogenetic analysis, samples were assigned to one of three time categories: Iron Age (1,150--586 BCE), Late Bronze Age (1550--1,150 BCE) and Early to Middle Bronze Age (3500--1550 BCE).

### Cattle {#Sec16}

MtDNA sequences were aligned manually, and the major haplogroups T, T1, T2, T3 and T4 could be differentiated by variation within a 240-bp CR segment^[@CR11],\ [@CR29]^.

For comparison, ancient DNA sequences mainly from East Mediterranean and Near East were added to the data obtained in this work (Fig. [4](#Fig4){ref-type="fig"} and Supplementary Table [S3](#MOESM1){ref-type="media"}).

Twenty-three ancient samples from Greece and Israel were used to construct a 3D statistical parsimony network as described in the section above (Supplementary Fig. [S2](#MOESM1){ref-type="media"} and Table [S1](#MOESM1){ref-type="media"}). Two samples from Israel (MM387, and 431) were excluded from the analysis due to missing data. Species identification of *Bos taurus taurus*/*indicus* according to the Y-chromosome was determined from the highest bit score of species listed from the BLAST search (<http://blast.ncbi.nlm.nih.gov/Blast.cgi>) (Supplementary Table [S5](#MOESM1){ref-type="media"}).

Morphometrical measurements {#Sec17}
---------------------------

Differences in the proportions of the metacarpal bone^[@CR31]^ exist among breeds of archaeological Middle Eastern, Indian, and African cattle^[@CR32]^. We measured the Greatest Length (GL) and distal Breadth (BFd) of 28 archaeological specimens from Late Bronze and Iron Ages of Greece and Israel^[@CR41]^ (Supplementary Table [S4](#MOESM1){ref-type="media"}), and analysed their morphological distinctiveness with respect to Grigson's (1991) dataset^[@CR32]^. This was done by log-transforming the archaeological measurements and plotting them along with Grigson's archaeological cattle against each other and by using the Linear Discriminant Analysis (LDA) module in PAST 3.11^[@CR40]^.
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